To compare the enhancement patterns of 24-gadolinium-tetrazacyclododecane tetracetic acid (DOTA)-dendrimer (Gadomer-17) with those of gadopentetate dimeglumine (Magnevist) in postoperative scars in rabbits. Materials and Methods: Twelve rabbit thighs with experimentally induced postoperative scars underwent dynamic contrast-enhanced MR imaging with both Gadomer-17 and gadopentetate dimeglumine at a 24-hr interval at one (n = 10), two (n = 8) and three months (n=4) after scar induction. The enhancement and the ratios of lesions at each time point, peak enhancement ratios, and the slope and shape of curves were assessed. Results: At all time points, enhancement ratios were significantly lower after the injection of Gadomer-17 than with gadopentetate dimeglumine (p<0.05). Peak enhancement ratios were significantly lower with Gadomer-17 (1.29 0.15) than with gadopentetate dimeglumine (1.61 0.31) (p<0.01). The slope values were 2.99%/min 2.72 after Gadomer-17 injection and 8.99%/min 7.32 after gadopentetate dimeglumine injection (p<0.01). The enhancement ratio curves showed mostly the plateau pattern with Gadomer-17 (90.9%), while for gadopentetate dimeglumine, the curve pattern was either plateau (50%) or washout (50%). Difference in enhancement characteristics between the two contrast agents were most pronounced for one-month scars. Conclusion: With Gadomer-17, weaker enhancement and the plateau pattern were found in postoperative scars, whereas stronger enhancement and either washout or the plateau pattern were found with gadopentetate dimeglumine.
Differentiation between post-therapeutic change and residual or recurrent tumor is of major importance in the follow-up of patients with most treated cancers. In the differential diagnosis between fibrotic and tumorous tissues, both CT and sonography suffer certain limitations, and several studies have assessed the value of high signal intensities on T2 weighted magnetic resonance (MR) imaging for this purpose (1 8) . Later studies, however, indicated that high signal intensity on T2 weighted images is not specific for recurrent tumor and that low signal intensity can be due to both fibrosis and tumors (4 8) .
For distinguishing late fibrosis (over 6 months) from malignancy, MR imaging with a conventional extracellular agent, gadopentetate dimeglumine, has been evaluated by several authors, and the results were promising (4, 8, 9 10) . Late fibrosis showed no substantial enhancement on postcontrast T1-weighted images, wherease recurrent tumors demonstrated early enhancement. However, early fibrosis (less than 6 months) showed occasional enhancement due to different permeability partly due to leaky junctional complexes (4, 8, 11 12) . Low-molecular-weight (546 d) gadopentetate dimeglumine not only enhances the vascular space but also diffuses rapidly into the interstitial space (13) .
In order to minimize the problems associated with extracellular contrast agents, blood-pool contrast agents that remain exclusively within the intravascular space are currently under investigation (14) . A 24-gadoliniumtetrazacyclododecane tetracetic acid (DOTA)-dendrimer (Gadomer-17; Schering, Berlin, Germany), a new macromolecular contrast agent, has an apparent molecular weight of 35,000 d, low enough to guarantee renal excretion and high enough to reduce diffusion through the endothelial cells of intact blood vessels (15) . Potential clinical applications for this class of contrast agent include MR angiography and the determination of tissue perfusion, angiogenesis, and capillary integrity (16 19) . Comparative studies of blood-pool and extracellular contrast agents, the former involving animals, have demonstrated improved lesion conspicuity and tumor characterization (20, 21) . Where tumors are malignant, the hyperpermeability of tumor microvessels to macromolecular contrast agents has been demonstrated (22) .
We hypothesized that postoperative scars may be less enhanced using a blood-pool contrast agent than when a small molecular contrast agent is used, and this might be new application for blood-pool contrast agents in postoperative conditions. The purpose of this experimental study was to compare the enhancement patterns of a new blood-pool contrast agent, Gadomer-17, and a conventional extracellular agent, gadopentetate dimeglumine, in postoperative scars in rabbits.
Materials and Methods

Animals and Experimental Models
For the experiments, 12 New Zealand white rabbits weighing 2 3kg were used. The animals were sedated with an intramuscular injection of 50 mg of ketamine hydrochloride (Ketalar; Yuhan Yanghang, Seoul, Korea) and 20 mg of xylazine hydrochloride (Rompun; Bayer Korea, Seoul, Korea). Experimental procedures were approved by the animal care committee at our institution.
Scars were induced in the (mainly right) thigh of each rabbit. After aseptic vertical incision of the skin of the lateral thigh, the underlying muscles were exposed. These were incised and dissected, and a 4-in. gauze square was folded and packed between muscle the bellies. Layer by layer closure from the muscle to the skin was then performed. Two weeks later, the gauze was removed under aseptic conditions, and after reincision of the skin, the muscle along the previous suture sites was incised and the gauze was removed. To avioe infection, 500 mg of cefazoline sodium (Cefazoline; Chongkeun Dang Pharmacy, Seoul, Korea) and 10 mg of gentamicin sulfate (Gentamicin; Korea United Pharmacy Inc., Seoul, Korea) were injected into the (mainly left) contralateral buttock daily for four weeks after initial gauze packing. On the basis of the interval between scar induction and sacrifice, the 12 rabbits were assigned equally to a 1-, 2-, or 3-month group, and in each group, MR studies were performed at one-month intervals after scar induction. An exception was that two of four rabbits in the 3-month group were not studied at one month because MR equipment was not available at that time and a total of 22 sets of MR images were thus obtained.
MR Imaging
All examinations were performed on a 1.5-T system (Magnetom Vison Plus; Siemens, Erlangen, Germany) using a CP-extremity coil. All images were acquired in the transaxial plane, with animals in the prone position. After routine localization and axial T2-weighted spinecho imaging (TR/TE, 4000/96; 4-mm slice thickness), two sets of dynamic T1-weighted images were acquired.
For this two types of contrast agent were administrated via the aural vein by manual fast bolus injection in each animal: one injection of 0.1 mmol/kg gadopentetate dimeglumine (Magnevist; Schering, Berlin, Germany), followed by another, 24 hrs later, of 0.05 mmol/kg Gadomer -17 (supplied as an aquous formulation with a concentration of 500 mmol/l) (15) . Dynamic T1-weighted MR imaging was performed with a fast spin-echo sequence (TR/TE, 450/16; echo train length, 10; bandwidth, 16 kHz; slice thickness, 4mm; field of view, 15 cm; acquisition matrix 256 128) before and 1, 2, 3, 4, 5, 10, 15, 20, 25 and 30 min after bolus injection of the contrast agent.
Image Analysis
MR imaging signal intensities were measured with the region-of-interest method in the most enhancing area of each scar. The enhancement ratio, determined by dividing the signal intensity seen on postcontrast scan by that seen on precontrast scan, was calculated for each time point. Peak enhancement ratio and the enhancement ratio at each time point were compared between the two contrast agents. In all studies enhancement ratios (postcontrast / precontrast signal intensities) for scars were plotted against time as mean values standard deviation and the ratios were compared between the two contrast agents. In all cases, the slope of the curve (percentage increase in enhancement ratio per minute over baseline value) was derived using the following equation (15, 23, 24) : slope=(ERmax-ERpre) 100 / (ERpre Tmax), where ERpre represents the enhancement ratio of a given region of interest before the injection of contrast agents. The maximum enhancement ratio (ERmax) was determined as the value at a time point (Tmax) beyond which the sum of slopes measured for the two intervals between three consecutive time points on each curve was 10%/min or less. The slope of the curve was also compared between both contrast agents.
Enhancement ratio curves were classified on the basis of shape as either type I (steady enhancement), type II (plateau of enhancement ratio), or type III (washout of enhancement ratio) (25 26) . Two radiologists blinded to the contrast agent employed determined the type of each curve, decisions being reached by consensus, and curve types were statistically analyzed.
At each maturation interval (one, two and three months) we compared enhancement ratio, peak enhancement ratio, slope and pattern, according to the contrast agent employed, and for each agent also compared enhancement ratios according to scar maturation interval.
Histologic Analysis
Animals were sacrificed with a lethal dose (90 mg/kg) of IV sodium pentobarbital (Pentothal; Choong Wae Pharmacy, Seoul, Korea), and the lateral muscle group of the thigh was excised and fixed in formaline solution. The scar area was then sectioned and stained with hematoxylin-eosin for light microscopic evaluation. Pathological review of the slides focused on the presence of fibrosis and differences in this according to scar maturation interval. A pathologist blinded to this interval reviewed the slides of the 12 scars, analysing collagen laydown, cellularity, extent of muscle involvement, vascularity and inflammation. By comparing the slides, these features were graded 0 to 3+, and the vessels (seen under 100-fold magnification) were counted.
Statistical Analysis
An SPSS software package version 9.0 (SPSS, Chicago, Ill., U.S.A.) was used for statistical data analysis. The Mann-Whitney U-test was employed to assess the statistical significance of differences between the contrast agents in terms of peak enhancement ratio, enhancement ratios at each time point and slope values, as well as that of differences in enhancement ratios at each scar maturation interval (one, two and three months). To determine the difference in curve type between the two agents, Fisher s exact test was used. For all tests, a p value of less than 0.05 was deemed significant.
Results
The enhancement ratios of scars varied substantially according to the contrast agent used (Fig. 1) . In all studies (n=22) and at all time points, ratios were consistently lower with Gadomer-17 than with gadopentetate dimeglumine (Magnevist), and all differences were statistically significant (p<0.05) (Fig. 2) With gadopentetate dimeglumine, a type-II and a type III curve each occurred in 50% of cases (11 of 22) . When enhancement ratios were compared between 1-, 2-and 3-month scars after the injection of gadopentetate dimeglumine, they were consistently higher for 1-month scars (n=10) than for 2-(n=8) or 3-month scars (n =4). Other than at 4, 25 and 30 mins, the difference was statistically significant at all time points (p<0.05). With Gadoomer-17, however, enhancement ratios were not significantly higher for 1-month scars (n=10) than for 2-(n=8) or 3-month scars (n=4) (p>0.01) (Fig. 3) .
For one-month scars (n=10), peak enhancement ratios were significantly lower with Gadomer-17 (1.34 0.17) than with gadopentetate dimeglumine (1.71 0.23) (p<0.01) For Gadomer-17, the enhancement ratio peaked at 16.1 8.88 (1-30) / mins, while for gadopentetate dimeglumine, the ratio peaked at 8.80 3.62 (4 15) / mins. The enhancement ratios of these scars were consistently lower with Gadomer-17 than with gadopentetate dimeglumine, and the difference was statistically significant at all time points except 30 minutes (p<0.05). Slope values were 0.98 9.57% (mean, 2.68%) / min 2.72 with Gadomer-17 and 3.32-21.14% (mean, 10.39%) / min 6.13 with gadopentetate dimeglumine; the difference was statistically significant (p<0.01).
For two-month scars (n=8), peak enhancement ratios were significantly lower with Gadomer-17 (1.28 0.12) than with gadopentetate dimeglumine (1.61 0.40) (p<0.05). For Gadomer-17, the enhancement ratio peaked at 12.25 8.21 (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) mins, while for gadopentetate dimeglumine the peak occurred at 8.38 5.53 (3 20) mins. Enhancement ratios at each time point were consistently lower with Gadomer-17 than with gadopentetate dimeglumine, though the difference was statistically significant only during the early phase (2, 3, For three-month scars (n=4), peak enhancement ratios were significantly lower with Gadomer-17 (1.17 0.05) than with gadopentetate dimeglumine (1.35 0.10) (p<0.05). For Gadomer-17, the enhancement ratio peaked at 13.75 8.54 min (5 25) mins, while for gadopentetate dimeglumine the peak occurred at 16. 25 9.46 (10 30) mins. Enhancement ratios at each time point were slightly lower with Gadomer-17 than with gadopentetate dimeglumine, but the difference was not statistically significant except at ten minutes (p>0.05). Slope values were 0.79 2.20% (mean, 1.55%) / min 0.69 with Gadomer-17 and 0.97 4.34% (mean, 2.67%) / min 1.39 with gadopentetate dimeglumine (n=8), though the difference was not statistically significant (p>0.05 ).
Light microscopic pathologic findings were consistent with fibrosis in all cases. Light microscopic examination revealed no differences in grade of collagen laydown, cellularity, muscle involvement or vessel count between 1-, 2-and 3-month scars (Fig. 4) .
Discussion
Dynamic contrast-enhanced MR imaging is a method of physiologic imaging method which provides information on the early sequential enhancement kinetics of a water-soluble contrast agent after IV bolus injection (23, 27, 28) . After IV injection of gadopentetate dimeglumine, a conventional extracellular agent, the contrast agent diffuses rapidly from the intravascular into the interstitial space and the enhancement pattern results from various properties of the lesion including blood volume, blood supply, vascular and extracellular spaces, and endothelial permeability (13) . A blood-pool contrast agent confined to the vascular space, on the other hand, reflects the size of that space, except under certain abnormal conditions such as malignancy and inflammation (18, 21, 29) .
In general, the contrast enhancement of any tissue with gadopentetate dimeglumine requires (1) a vascular supply, (2) a route for the contrast material out of the vasculature, and (3) an interstitial space for sequestering the contrast material. Scars have all of these attributes. They have an abundant vascular supply (especially in early fibrosis), and the leaky junctions and intercellular gaps observed in the endothelium and large interstitial space (4, 11 12) . Thus, when a small molecular contrast agent is used, a scar exhibits contrast enhancement. In this study, scars showed better contrast enhancement with an agent containing small molecules than with one containing large ones; since the latter is able to reduce diffusion through the endothelial cells of intact blood vessels, this was as expected.
Nguyen-minh et al. (17) described the signal intensity changes observed in recurrent herniated disk and scars in dogs after the injection of Gadomer-17 and gadopentetate dimeglumine. In their study, MR imaging involved the use of gadopentetate dimeglumine at 20 and 50 days and Gadomer-17 at 22 and 52 days, and changes in signal intensity from baseline in the disk and scar tissue were measured at 2, 22 and 45 minutes. The average signal intensity change in a scar at 20 or 22 days was lower with Gadomer-17 than with gadopentetate dimeglumine. The difference in signal intensity between the two agents was, however, statistically significant only at 2 minutes. The average signal intensity change observed in a scar at 50 or 52 days was slightly lower with Gadomer-17 than with gadopentetate dimeglumine at 2 and 22 minutes, and slightly higher at 45 minutes. There was, though, no significant difference. With both agents, scar enhancement was greater at 20 days than at 50 days. Because their study was not a dynamic one, the enhancement pattern and other parameters such as peak enhancement ratios or slope could not be evaluated. 
